We describe a simple and standardised screening system (AREB) for surveillance of antibiotic resistant bacteria in the environment. The system consists of 96 well microplates containing eight sets of breakpoint amounts of 10 different antibiotics. The incubated microplates are read by a desktop scanner and the plate images are analysed by special software that automatically presents the resistance data. The AREB method is combined with a rapid typing method, the PhenePlate system, which yields information on the diversity of the bacteria in the studied samples, and on the possible prevalence of resistant clones. In order to demonstrate the usage of AREB, a comparative study on the resistance situation among 970 Escherichia coli isolates from sewage and recipient water in Sweden, Norway and Chile, was performed. Resistance rates to all antibiotics were markedly higher in hospital sewage than in other samples. Our data indicate that the AREB system is useful for comparing resistance rates among E. coli and other environmental indicator bacteria in different countries/regions. Simple handling and automatic data evaluation, combined with low cost, facilitate large studies involving several thousands of isolates.
INTRODUCTION
The normal microflora of man and animals act as a reservoir of many different resistant bacteria and resistance genes that may (Kühn et al. ; Blanch et al. ) , and that resistance rates to many antibiotics correspond well to resistance rates among isolates from humans (Reinthaler et al. ) .
Some attractive features of this approach are that sewage samples are easy to obtain (in contrast to faecal samples from healthy adults) and that cultivation of one single sample may contributing to the sewage in a community sewage treatment plant (STP) or the patients and staff contributing to hospital sewage, could easily be monitored.
Several standardised methods for resistance determination have been developed: for example, based on disc diffusion, agar or broth dilution, antibiotic gradient discs, or automated instrument systems ( Jorgensen & Ferraro ) . However, these methods have been developed mainly for clinical isolates, and the methods are often too expensive and laborious to be used for large number of isolates from sewage or other environmental samples, where the aim is not an exact determination of the susceptibility of individual isolates in order to determine the best treatment option for the patient, but merely to be able to screen for resistance among many isolates in a population.
We have therefore developed a simple screening assay for determination of resistance -antibiotic resistance in environmental bacteria (AREB), which is performed in 96-well microplates containing breakpoint concentrations of antibiotics, with scanner assisted measurements of plates and automated resistance calculations. Furthermore, we have combined the AREB method with a rapid typing method, the PhenePlate (PhP) system (biochemical fingerprinting in microplates), which simultaneously yields important information on the quality of the studied samples, and on the possible prevalence of resistant clones in the studied samples. We also demonstrate how a combination of AREB and PhP can be used to compare resistance rates among E. coli isolates in samples from different origins.
MATERIALS AND METHODS
AREB and PhP plates for simultaneous resistance screening and rapid typing of E. coli
The AREB plates consist of 8 × 12-well U-shaped microplates containing eight sets of 10 different dehydrated
antibiotics. An example of antibiotic combination that was used in the present study of E. coli is presented in Figure 1 .
The wells of the first column in the microplate are empty and are used to make suspensions of the bacteria to be studied. The wells of the last column are also empty and serve as growth control for each studied bacterium.
Columns 2-11 contain 10 different dehydrated antibiotics.
The amount of the antibiotic added to each well yielded an antibiotic concentration corresponding to the breakpoints recommended by the Clinical and Laboratory Standards Institute when 100 μL of medium is added to the wells (http://www.clsi.org/). The plates with dehydrated antibiotics can be stored in plastic bags at þ4 W C for at least a month, or at À20 W C for several months.
PhP-RE (rapid screening of E. coli) plates of the PhenePlate system (PhPlate microplate techniques AB; www.
phplate.se) consist of 8 × 12 well flat bottomed microplates with eight rows of 11 substrates (carbohydrates and amino acids) (Kühn & Möllby ) . The first well of each row is used to prepare bacterial suspensions.
Combined phenotyping and antibiotic resistance determination using PhP and AREB plates Pure E. coli colonies are picked from agar plates using sterile tooth sticks (Figure 2(a) ) and each colony is dispensed 
Reading and analysis of PhP and AREB plates
Microplate data are normally measured by microplate readers that measure the absorbance of each of the 96 wells. We have found it more useful to make images of the plates, using a cheap office flatbed scanner, and have developed a software that converts the images to 96-well data.
After 16-18 h incubation the plates are read using a desktop scanner. We used a HP G 4050 scanner from Hewlett Comparisons between resistance rates obtained by
AREB and standard techniques
For comparisons to standard methods, resistance determinations were also performed by the disc diffusion method (www.oxoid.se) on 36 isolates. Twenty-three of the isolates were E. coli from Swedish sewage, which had showed resistance to at least one antibiotic in the AREB test, and the remaining 13 isolates were culture collection strains belonging to various species. Another 49 E. coli isolates were subject to parallel resistance determination by AREB and the E-test method (http://www.biomerieux-usa.com). All these isolates were from incoming sewage in Valdivia, Chile, and had showed resistance to at least one antibiotic in the AREB test.
Analysis of samples
In order to demonstrate the usage of PhP and AREB, a comparative study on the resistance situation among 970 E. coli
isolates from 39 sewage and recipient water samples in Stockholm (Sweden), Oslo (Norway) and Valdivia (Chile), was performed (Table 1 ). The samples were subject to serial dilution and cultivated on m-FC agar (Difco, BD Diagnostic Systems) for isolation of coliform bacteria. Samples were incubated at 44 W C in order to suppress all non-thermotolerant bacteria. After incubation, 24 presumed E. coli colonies from each sample (when available) were picked from the agar plates using sterile tooth sticks and inoculated into three PhP-RE and three AREB plates as described above.
After overnight incubation, the plates were scanned and analysed with the PhP software. Resistance rates for each antibiotic were calculated as resistance percentages of all analysed isolates. Total antibiotic resistance in a population was measured using the multiple antibiotic resistance
, where sumA is the sum of resistance codes (as 0, 1 or 2) to all tested antibiotics for all tested isolates, n is the number of antibiotics tested, and N is the number of isolates analysed from the sample.
The maximum possible MAR-value is 1.00, obtained when all isolates are resistant to all antibiotics tested.
RESULTS
Comparisons between resistance rates obtained by
AREB and other techniques

Disc diffusion
Altogether 360 bacteria-antibiotic combinations were tested in parallel with disc diffusion and AREB. Only in seven cases (1.9%) a disagreement between the results were obtained for the two methods. In three cases, an isolate was sensitive with AREB but resistant with disc diffusion, whereas in four cases, isolates were resistant with AREB and sensitive with disc diffusion. In another 18 cases (5%), the result was intermediate with one method and sensitive or resistant with the other method, whereas in 93.1% of all cases, a total agreement between the two methods was obtained.
E-test
For E-test 283 bacteria-antibiotic combinations were evaluated. Also with the E-test, a high agreement (95.4%) was obtained when compared to the AREB test. The only noteworthy discrepancy was for ampicillin, to which four isolates were sensitive in the E-test but resistant in AREB. 
Comparisons of diversities and resistance rates among
E. coli isolates from different environments
We analysed resistance to 10 antibiotics at breakpoint concentrations in 970 E. coli isolates from recipient water, municipal sewage and hospital sewage in Sweden, Norway and Chile. Some samples from recipient water in Chile and Sweden were also analysed. Figure 3 shows resistance rates towards individual antibiotics in different countries and Figure 4 shows the total resistance as MAR indices for different E. coli populations. As expected, hospital sewage clearly showed the highest resistance rates to all antibiotics in all three countries. Hospital sewage receives bacteria from hospitalised patients and hospital staff, and probably the resistance rates in those samples to a large extent reflect the resistance situation in the respective hospital. Lower resistance rates and MAR indices in all three countries were detected among bacteria in urban sewage. The E. coli population in urban sewage is mainly derived from the faecal flora in the urban population, and resistance rates among bacteria from urban sewage therefore probably reflect resistance rates among bacteria in the normal human population in these areas. The lowest resistance rates were found among bacteria in samples from recipient water (river, lake) in Chile whereas in Sweden the resistance rates were higher for some antibiotics in recipient water than in sewage. Available data from other studies also have shown lower proportions of antibiotic resistant bacteria in surface water than in sewage (Bouki et al. ) . Possibly these samples contain a mixture of E. coli from humans and from wild/domestic animals, and the contribution of bacteria from animals has decreased the resistance rates among the E. coli in surface water.
DISCUSSION
In the present study we present a simple screening method for determination of antibiotic resistance among indicator bacteria from sewage and surface water, and some examples of results obtained from a study on E. coli isolates from different kinds of samples and different countries. It should be noted that these data are from a preliminary study, involving too few isolates per sampling area to form the basis for any conclusions regarding antibiotic resistance rates in the studied areas. For a 'real' study, more samples and more isolates per sample should be evaluated. Large studies, involving assays of more than a hundred isolates per day, can easily be performed by one person with the methods described here. Final results from the assay are obtained 2 days after sampling the sewage. The material cost for analysis of 100 isolates from one sewage sample is In our study, resistance determination with AREB plates was combined with diversity determination using PhP-RE typing for all 970 isolates in the 39 samples studied. In Table 1 , it can be seen that the E. coli populations in some samples show diversity indices considerably below 0.95, indicating that some bacteria were related and derived from the same individual, as for example the E. coli in samples collected from hospital sewage in Norway (Table 1) Low diversity in a sample from sewage can be due to improper sampling methods. In our study, samples from 
CONCLUSIONS
In conclusion, we have developed a simple and rapid screening method for surveillance of antibiotic resistance in bacteria from sewage and aquatic environments, combined with a rapid typing system that serves as quality control.
We have also shown that this method could be useful for monitoring resistance rates among E. coli in sewage and surface water of different origins, and that resistance rates in sewage seem to give information representative of resistance rates in the population contributing to the sewage. Repeated analysis of samples from the same source might give useful information on the appearance and the spread of resistance in the population. For a more detailed analysis of resistance, only those isolates that are resistant according to AREB need to be further studied. Furthermore, by including the PhP typing system for quality control, the appearance of and changes in frequencies of resistant clones will be apparent. It is our belief that for surveillance studies of antibiotic resistance in various populations, like hospitals, care centres or a defined community, this method could be useful. The advantages of our method compared to existing methods based on analysis of a large number of faecal samples from sick and/or healthy individuals are, among others, the simplicity, the higher speed, the lower cost and the ability to analyse many isolates simultaneously.
